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(54) FLUORESCENCE OBSERVING APPARATUS 

(57)Abstract: 

PURPOSE: To make an apparatus miniaturized and 
inexpensive by providing the apparatus with a wave length 
controlling means which changes the wave length of a laser 
light by controlling the temp, of a semiconductor and 
changing selectively the range of wave length entered into a 
fluorescence detecting apparatus detecting fluorescence in 
accordance with change in wave length by using a filter 
means. 

CONSTITUTION: An electronic cooling and heating means 
24 fitted on a laser diode 21 in an apparatus 5 for a light 
source for excitation for observing fluorescence is driven by 
a electric source circuit 25 for a heating means and they 
are controlled by a controlling means 26. This controlling 
means 26 is connected with a wave length selection 
indicating means and it controls the temp, of a laser diode 
21 through the electronic cooling and heating means 24 in 
such a way that the laser diode 21 is made emitted by an 
indicated wave length. In addition, a controlling means 26 
indicates selection of the wave length of the excited light 
and when the wave length of the fluorescence emitted by the excited light with the wave length, it 
indicates selection of the wave length and a filter through which the wave length of the 
fluorescence is selectively transmitted is set on a light path of a fluorescence photographing 
system through a filter switching control means 9. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A fluorescent observation device which uses a semiconductor laser for a light source 
for excitation for fluorescent observation, comprising: 

A wavelength control means which changes wavelength of a laser beam emitted from this 

semiconductor laser by controlling temperature of a semiconductor laser. 

A filter means which changes selectively a wavelength band which enters into a fluorescence 

detection device for detecting fluorescence according to a wavelength variation by said 

wavelength control means. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the fluorescent observation device which 
controls the temperature of a laser diode and carries out variable setting out of the wavelength of 
the light for excitation. 
[0002] 

[Description of the Prior Art]In recent years, a drug is poured in to the autofluorescence from a 
living body, and a living body, the fluorescence of the drug is detected as a two-dimensional 
picture, and there is art of diagnosing disease states (for example, the kind and permeation range 
of a disease), such as the denaturation of a body tissue and cancer, from the fluorescence image. 
[0003]If a body tissue is irradiated, the fluorescence of long wave length will occur from the 
excitation light. As a fluorescent substance in a living body, there are NADH (nicotinamide 
adenine nucleotide), FMN (flavin mononucleotide), a pyridine nucleotide, etc., for example. 
These days, the correlation of such a living body internal cause substance and a disease is 
becoming clear. HpD (hematoporphyrin), Photofrin, and ALA (delta-amino levulinic acid) have 
the accumulation nature to cancer, this is poured in in the living body, and a disease site can be 
diagnosed by observing the fluorescence of said substance. 

[0004] By the way, when performing the above-mentioned fluorescent observation, irradiating 
the target diagnostic part with the laser beam for excitation is generally performed. In this case, 
the wavelength to which the laser beam for excitation was suitable for that excitation according 



1 



to the diagnostic part is needed. 
[0005] 

[Problem(s) to be Solved by the Invention] For this reason, as a laser device for excitation, two or 
more laser or the dye laser which can oscillate two or more wavelength, alexandrite laser, etc. 
were needed, the device was enlarged and there was a fault which becomes expensive. 
[0006]This invention was made in view of the point mentioned above, and an object of this 
invention is to provide the fluorescent observation device whose price can miniaturize and fall. 
[0007] 

[Means for Solving the Problem and its Function]In a fluorescent observation device which uses 
a semiconductor laser for a light source for excitation for fluorescent observation in this 
invention, A wavelength control means which changes wavelength of a laser beam emitted from 
this semiconductor laser by controlling temperature of a semiconductor laser, By establishing a 
filter means which changes selectively a wavelength band which enters into a fluorescence 
detection device for detecting fluorescence according to a wavelength variation by said 
wavelength control means, A wavelength area which can be used with one semiconductor laser 
is extended, it can miniaturize rather than a case where other laser generators are used, and, 
moreover, realization is made possible with a low price. 
[0008] 

[Example] Hereafter, the example of this invention is described with reference to drawings. 
DrawinR 1 shows the composition of the fluorescent observation device of the 1st example of 
this invention. TV camera 3 which the fluorescent observation device 1 of the 1st example 
shown in drawinfi 1 could be freely detached and attached to the endoscope 2 and this endoscope 
2, and it was equipped with it, and was usually provided with the imaging means of observation 
and fluorescent observation, The light equipment 4 for endoscopes which supplies the 
illumination light for the usual observation to the endoscope 2, The light equipment 5 for 
excitation which generates the excitation light for fluorescent observation, and CCU6 which are 
connected with TV camera 3 and perform the usual graphic processing, The endoscope image 
monitor 7 which displays an endoscope image with the output signal of this CCU6, The 
fluorescent diagnosis device 8 which displays signal processing and the fluorescence image 
which are connected with TV camera 3 and generate a fluorescence image, It is connected with 
the light equipment 5 for excitation, and comprises the filter change control means 9 which 
switches the filter used by the fluorescence imaging system in TV camera 3 according to 
excitation light, and the observation means for switching 10 which performs the directions which 
usually switch observation and fluorescent observation. 

[0009]The final controlling element 12 by which the above-mentioned endoscope 2 was formed 
in the back end of the insert portion 1 1 of thin length, and this insert portion 1 1 , It consists of the 
eye contacting part 13 provided in the back end of this final controlling element 12, and the light 
guide cable 14 which extended from this final controlling element 12, and the light guide 1 5 
which transmits the illumination light and excitation light is inserted in in the insert portion 1 1 
and the light guide cable 14. 

[0010]This light guide 15 branches to two in light guide cable 14 portion, and the end of one 
light guide cable 14a is connected with the light equipment 4 for endoscopes. And the white light 
of the lamp 17 which emits light with the power supply from the lamp power supply circuit 16 in 
the light equipment 4 for endoscopes is supplied to the end face of the light guide 15 via the 
condensing lens 18. In observation, the gobo 19 is usually held in the state where it evacuated 
like drawing 1 . 
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[001 l]Branched another side in the light guide cable 14 serves as the guide laser cable 14b, it is 
connected to the light equipment 5 for excitation, and with the condensing lens 22, it is 
condensed and the laser beam from the laser diode 21 in the light equipment 5 for excitation is 
irradiated with the end. This laser diode 21 is driven with the power supply from the laser diode 
power supply circuit 23. 

[0012]Thermoelectric cooling and the heating means 24 join to this laser diode 21, it has 
attached, and this thermoelectric cooling and heating means 24 are driven with the power supply 
from thermoelectric cooling and the power supply circuit 25 for heating means. It is connected 
with the control means 26 and the laser diode power supply circuit 23, and thermoelectric 
cooling and the power supply circuit for heating means 25 are controlled by this control means 
26. 

[0013]If this control means 26 is connected with the wavelength selection directing means which 
is not illustrated, this wavelength selection directing means is operated and selection instructing 
of the wavelength of excitation light is performed, A control means controls the temperature of 
the laser diode 21 by wavelength by which selection instructing was carried out via 
thermoelectric cooling and the heating means 24 to make the laser diode 21 emit light. 
[0014]The control means 26 reads a target temperature corresponding considering wavelength 
information as an address signal from the relevant information of the luminous wavelength of the 
laser diode 21 and temperature which were recorded on ROM etc. which are not illustrated, It is 
based on the output of the temperature sensor which, on the other hand, detects the temperature 
of the actual laser diode 21 and which is not illustrated, or or judging [ which should heat when 
setting it as target temperature ] first whether it should cool - cooling of after the judgment, and 
thermoelectric cooling and a heating means 24, or warming — control which carries out setting- 
out maintenance of the laser diode 21 by a feedback control loop at target temperature so that it 
may be made to operate and may be in agreement with target temperature is performed. 
[0015]The control means 26 is connected also with the filter change control means 9, and with 
wavelength selection directions of the excitation light of a wavelength selection directing means. 
If selection instructing of the wavelength of fluorescence is performed when the wavelength of 
the fluorescence which emits light by the excitation light of the wavelength changes, He is trying 
to be set as what penetrates the wavelength of the above-mentioned fluorescence selectively on 
the optical path of a fluorescence imaging system via this filter change control means 9 (the filter 
turret 38 is rotated by the motor 42 mentioned later, and). The filter arranged on an optical path 
is set as what penetrates the wavelength of the above-mentioned fluorescence selectively. 
[0016]By forming a means to choose or direct the kind of fluorescent observation, etc., instead of 
this wavelength selection directing means, and choosing a fluorescence agent from this means, 
The control means 26 reads the wavelength of the laser beam which excites efficiently the 
excitation light of the wavelength of the fluorescent observation generally used with the 
fluorescence agent from ROM etc., And perform temperature control of the laser diode 21 so that 
the target temperature to which it corresponds from the read wavelength (ROM etc.) may also be 
searched for and it may become the target temperature, and. It may be made to control the filter 
means for switching 9 to arrange the filter which penetrates the wavelength of fluorescent 
observation selectively on the optical path of a fluorescence imaging system. 
[0017]Thus, can be made to carry out by forming the wavelength control mechanism which 
controls the temperature for the wavelength of the laser beam which emits light as excitation 
light from the laser diode 21 by the 1st example variable setting out of the wavelength of 
excitation light, and. It has been the feature that it can be made to carry out variable setting out of 
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the filter of the filter means for the fluorescent observation by the side of an imaging means 
selectively according to the wavelength set up as excitation light. 

[0018]The illumination light or excitation light transmitted by the light guide 15 in the above- 
mentioned light guide cable 14 and the insert portion 1 1 is emitted from the end face by the side 
of the tip part of the insert portion 11, and illuminates a diagnostic part etc. The catoptric light or 
excitation light from the diagnostic part side connects an image to the apical surface of the image 
guide 32 arranged with the object lens 3 1 attached to the observation port of a tip part in the 
focal plane. 

[00 19] And it is transmitted to the end face by the side of the eye contacting part 13 by the image 
guide 32, and, in the case of white illumination light, can observe via the eyepiece 33 with the 
naked eye by it. When this eye contacting part 13 is equipped with TV camera 3, image 
formation of the image transmitted by the image guide 32 via the image formation lens 34 and 
the mirror 35 on an optical path is carried out to for example, CCD36 as an image sensor. 
[0020]As an image sensor, it is not limited to CCD and an image sensor SIT (static induction 
transistor), CMD (Charge Modulation Device), and MOS type etc. may be used. 
[0021]As the above-mentioned mirror 35 shows by a dotted line with the plunger 37, when it is 
evacuated from on an optical path, Image formation is carried out to CCD41 via the filter of the 
image formation lens 34 and the filter turret 38 arranged on the optical path of this image 
formation lens 34, and the image intensifier 39 which amplifies feeble light. The optical path 
shown by the dotted line of drawing 1 turns into an optical path of a fluorescence imaging 
system, and image formation lens [ which has been arranged on the other hand on the optical 
path shown as a solid line ] 34, mirror 35, and CCD36 usually forms the imaging system of 
observation. 

[0022]Several filters with which the above-mentioned filter turret 38 differs in a penetration 
region in the hoop direction of a disk, respectively are attached. 

By the motor 42 as a filter turret driving means, the selection setting of the one filter arranged on 
an optical path can be carried out. 

[0023]By operation of the observation means for switching 10, the mirror 35 in TV camera 3 and 
the gobo 19 in the light equipment 4 for endoscopes interlock, and are driven. That is, if the 
usual observation switch in the observation means for switching 10 is operated, The mirror 35 
and the gobo 19 are set as the state which shows as the solid line of drawing L and image 
formation of the object image in the state where it was illuminated by white illumination light is 
carried out to CCD36, Signal processing of the usual endoscope image by which photoelectric 
conversion was carried out by this CCD36 is carried out by CCU6, it is changed into the video 
signal which can be displayed on a monitor, and is expressed as the endoscope image monitor 7. 
That is, the usual endoscope image can observe by the endoscope image monitor 7. 
[0024]On the other hand, if the fluorescent observation switch in the observation means for 
switching 10 is operated, the mirror 35 and the gobo 19 will be set as the state which shows by 
the dotted line of drawing 1 , The image by the fluorescence in the state where it was illuminated 
by excitation light The filter of the filter turret 38, Image formation is carried out to CCD41 via 
the image intensifier 39, signal processing of the fluorescence image by which photoelectric 
conversion was carried out by this CCD41 is carried out in the digital disposal circuit in the 
fluorescent diagnosis device 8, and it is displayed on the monitor in this fluorescent diagnosis 
device 8. 

[0025]Since according to this 1st example the temperature of the laser diode 21 is controlled and 
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it can be made to carry out variable setting out of the wavelength of that laser beam that emits 
light, the wide wavelength range can be covered with the one laser diode 21 . 
[0026]In this case, the laser diode 21 is made very small and can also make small thermoelectric 
cooling and the heating means 24, And since calorific capacity of the laser diode 21 is made 
small, it can be set as arbitrary temperature in the very wide range by small thermoelectric 
cooling and heating means 24, and wavelength which emits light will also be changed broadly. 
Therefore, the large and small laser device for excitation light generating of a scope can be 
realized, without needing large-sized laser devices, such as dye laser. 

[0027]To TV camera 3 provided with the function of a fluorescence imaging system. Since it can 
be made to carry out selection setting of the filter which has formed the filter turret 38 to which 
two or more filters were attached, and is arranged on an optical path via the filter switch 
selection means 9, The filter which penetrates selectively the wavelength of the fluorescence 
which actually emits light can be set up on an optical path, and fluorescent observation can be 
performed. In this example, easy switching operation can usually perform observation and 
fluorescent observation. 

[0028] Although the guide laser cable 14b which transmits a laser beam in drawing 1 j oins the 
light guide cable 14a at the middle, it separates from the light guide 15 which transmits the 
illumination light, and may be made to provide the guide cable which transmits a laser beam. 
Guide laser may be inserted in in the channel using the channel of an endoscope. 
[0029] Drawing 2 shows the fluorescent observation device 51 of the 2nd example of this 
invention. In this 2nd example, the secondary harmonic generation element (second harmonic 
generator device; it is written as SHG below) 52 is arranged in front of laser diode 21' in light 
equipment 5' for excitation, He is trying to output the laser beam of the secondary harmonics of 
the laser beam of laser diode 21', i.e., one half of the wavelength of the wavelength. This laser 
diode 2V is a laser diode which emits light in the laser beam of the long wavelength of an 
infrared region etc., and the laser beam which set that wavelength to one half becomes the 
wavelength of the light for excitation. 

[0030] Above-mentioned laser diode 21' is made to carry out flicker luminescence at a pulse 
target (for example, pulse cycle P is the 1 -/number 100S) by the laser diode drive circuit 54 
which outputs pulse driving current by the control pulse from the timing controller 53. 
[0031]Image formation of the fluorescence image is carried out to CCD41 via the image 
intensifier 39 in TV camera 3 in the 1st example. CCD 36 and 41 in this TV camera 3 is driven 
with the drivers 55 and 56, respectively. In this case, the read-out cycle of one frame will drive 
CCD36 by 1/30S, on the other hand, CCD41 will be driven by the twice of pulse cycle P, and the 
imaging signal of CCD41 the time of an excitation light pulse being outputted and when not 
being carried out will be outputted. Furthermore, the fluorescent diagnosis device 57 in this 
example comprises the two-dimensional lock in amplifier 58, CCU59, and the monitor 60. 
[0032] A/D converter 61 from which the two-dimensional lock in amplifier 57 changes the output 
signal of said CCD41 into digital data, The multiplexer 63 which synchronizes with said timing 
controller 53, doubles with Akira of the laser diode 52, and ** (blink), and divides each image 
data into the 1st frame memory 62a and the 2nd frame memory 62b for every frame, The 
difference circuit 64 which asks for the difference of the image data of the 1st frame memory 62a 
and the 2nd frame memory 62b, and cancels a part for a noise, The integration circuit 65 
amplified by integrating with the image data by which a part for a noise was canceled in 
accumulation (the same corresponding picture element part is repeated and added) is comprised. 
[003 3] By carrying out difference processing of the image data picturized by **, respectively 
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with Akira of the laser diode 52 in this two-dimensional lock in amplifier 57 in the difference 
circuit 64, The influence of the 1/f noise which can reduce substantially a noise component 
unrelated to this ** and **, and becomes remarkable on low frequency can be reduced, and 
fluorescent image data with dramatically high S/N can be generated by carrying out integration 
treatment further in the integration circuit 65. 

[0034]The image data of 1/30S is used by the integration treatment by this integration circuit 65, 
after being changed into an analog picture signal with the D/A converter which is not illustrated, 
it is inputted into CCU59, and is changed into a standard video signal by this CCU59, and a 
fluorescent image is expressed as the monitor 60. 

[0035]In addition, it controls to become excitation light twice the wavelength of actually desiring 
temperature of laser diode 21', or the composition which carries out selection setting according to 
the wavelength of the fluorescence which observes the filter of an imaging system is the same as 
that of the 1st example. 

[003 6] Since laser diode 21' of the low price which generates the laser beam of the long wave 
length who turns into twice as many wavelength as this instead of the laser diode 2 1 which emits 
light on the wavelength of direct excitation light can be used according to this 2nd example, it is 
further realizable by low cost. A fluorescent image with dramatically sufficient S/N is obtained 
by using the two-dimensional lock in amplifier 57. Drawing 3 shows the endoscope apparatus 71 
of the 3rd example of this invention. Although laser diode 21' etc. were provided in the light 
equipment 5 for excitation of the exterior of the endoscope 2 in the 2nd example, he provides 
laser diode 21' etc. in endoscope 72 inside, and is trying to supply a required power supply from 
the external REZADA oared power supply circuit 73 in this example. 

[0037]As shown also in drawing 4 , in the insert portion 74 of this endoscope 72, the light guide 
15 and the image guide 32 are inserted in like the 1st example, and the illumination lens 75 and 
the object lens 31 are arranged at the tip part, respectively. In this endoscope 72, laser diode 2V 
attached to the tip part of the insert portion 74 at thermoelectric cooling and the heating means 
24, and SHG52 and the illumination lens 76 are arranged further. 

[0038]Laser diode 21', and thermoelectric cooling and a heating means 24 are connected with the 
signal wire 77, This signal wire 77 is inserted in in the inside of the signal cable 78 which 
branched from the light guide cable 14, and is connected to the REZADA oared drive circuit 54 
of the REZADA oared power supply circuit 73, and thermoelectric cooling and the power supply 
circuit for heating means 25, respectively. Others are the same composition as the 2nd example, 
and the operation effect of them is the same as that of the 2nd example almost. 
[0039]In the endoscope 72, store laser diode 21' and SHG52, and a driving signal is supplied 
from external laser diode 21' to laser diode 21' via a signal wire, It may enable it to only emit the 
excitation light of one half of the wavelength of laser diode 21'. Also in this case, there are the 
following advantages. 

[0040]For example, when 442-nm excitation light is needed, helium-Cd laser is usually used in 
many cases, but it is large-sized and also expensive. Since it can ask for the laser diode which 
gives off the laser beam of the wavelength which is 882 nm with a low price when this excitation 
light is required, if it uses instead of helium-Cd laser, the same function is realizable by low cost. 
Since laser DAIDO is made very small, it can also store in the tip part of an endoscope. 
[0041] Drawing 5 shows the endoscope apparatus 81 of the 4th example of this invention. The 
light equipment 4 for endoscopes with which this example usually supplies the illumination light 
for observation to the light guide of the rigid endoscope 82 and this rigid endoscope 82, Light 
equipment 5' for excitation which supplies the laser beam for excitation, and the scope holder 84 
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connected to the eye contacting part 83 of the rigid endoscope 82, Signal processing to TV 
camera 85 formed in the end face of this scope holder 84 and this TV camera 85 is performed, 
and it comprises the endoscope image & fluorescence image display 86 which displays an 
endoscope image and a fluorescence image. 

[0042]The light guide cable 14 is connected to the light guide cap of the grasping part 90 formed 
in the back end of the insert portion 89 of the rigid endoscope 82, the light guide cable 14a is 
connected to the light equipment 4 for endoscopes, and white illumination light is supplied for 
while branching on the way from this light equipment 4. 

[0043] The branched guide laser cable 14b in this light guide cable 14 is connected to light 
equipment 5' for excitation, and this light equipment 5' supplies the laser beam for excitation. 
White illumination light or the laser beam for excitation is transmitted by the light guide in the 
rigid endoscope 82, and is emitted from the end face by the side of a tip part. 
[0044] Image formation of the fluorescence which emits light by the light or excitation light 
reflected by the illuminated diagnostic part is carried out via the object lens of a tip part, it is 
back transmitted by image guides, such as a relay optical system, and, in the case of a visible 
image, the transmitted image can be observed from the eye contacting part 83. 
[0045]lt has the arm part in which the rod lens was built, 84a, and the joint part 84b which can be 
rotated, and the scope holder 84 connected to this eye contacting part 83 is transmitted to TV 
camera 85 which connected to that end face the image transmitted to the eye contacting part 83. 
[0046]The mirror 35 which can be evacuated with the plunger 37 on the incident light path of 
this TV camera 85 is arranged, it is reflected by the 2nd mirror 92 and the 3rd mirror 93, and 
image formation of the light reflected by this mirror 35 is carried out to CCD96 through the 4th 
mirror 95 that can be evacuated from on an optical path with the plunger 94. 
[0047] When the above-mentioned mirrors 35 and 95 are evacuated, image formation is carried 
out to CCD96 via the filter of the filter turret 98 which rotates by the motor 97, and the image 
intensifier 39. 

[0048]It may enable it to arrange the filter of the filter turret 98 on the optical path of a 
fluorescence imaging system via the motor 97 by an operation switch etc. This example can 
acquire a usual endoscope image and fluorescence image using common CCD96. Others have 
the almost same effect as the 1st example. 

[0049]In order to extend the wavelength area of excitation light, it may be made to choose the 
laser diode used according to the wavelength of excitation light which is actually needed, as 
several laser diodes in which luminous wavelengths differ are used. 

[0050]In this case, it may be made to also use SHG if needed. In order to raise a radiant power 
output, it may be made to use two or more laser diodes which emit light on the same wavelength. 
The example etc. which were mentioned above may be combined by partial **. 
[0051] 

[Effect of the Invention]As explained above, it is made to change wavelength which controls the 
temperature of the semiconductor laser used for excitation light by this invention, and emits light, 
and the filter means which leads the fluorescence from the candidate organization side to a 
fluorescence imaging system selectively is established. 

Therefore, it is small and the fluorescent observation device of a low price can be realized. ' 



[Translation done.] 
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